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Research
There is a well-described association between 
adult exposures to secondhand smoke (SHS) 
and several adverse health effects, including 
chronic respiratory symptoms, lung cancer, 
and cardiovascular disease [Barnoya and 
Glantz 2005; Blanc et al. 1999; Centers for 
Disease Control and Prevention (CDC) 2006; 
Ho et al. 2007; Jindal et al. 1994; National 
Cancer Institute 1999; Panagiotakos et al. 
2002; Raupach et al. 2006]. Recently, smoking 
rates have been declining among U.S. adults 
(CDC 2005, 2006; Pirkle et al. 2006; Wingo 
et al. 1999), particularly because of an increase 
in the number of states and cities that have 
implemented smoking bans, and this change 
may have affected locations and levels of SHS 
exposure in the workplace, including a shift 
from indoor to outdoor areas as workplace 
smoking policies change (Eisner et al. 2001).
Although declining, the smoking prevalence 
of blue-collar workers remains higher than that 
of many other occupational groups (Bang and 
Kim 2001; Nelson et al. 1994), suggesting that 
this is a population with high potential for SHS 
exposure at work (Wortley et al. 2002). In the 
National Health Interview Survey that included 
> 290,000 U.S. civilians, the major blue-collar 
worker groups (e.g., construction labors, motor 
vehicle operators, freight handlers, assemblers, 
mechanics) had a large decrease in the annual 
smoking prevalence in the 1997–2004 survey 
period relative to the 1987–1994 survey period, 
but still had a higher smoking rate (> 30%) 
compared with all workers combined (24.5%) 
in the 1997–2004 period (Lee et al. 2007). In 
addition, blue-collar workers are less likely to 
report a smoke-free worksite than are white-
collar workers (Gerlach et al. 1997; Plescia et al. 
2005).
We evaluated SHS exposures in the U.S. 
unionized trucking industry. Our exposure 
assessment included a self-administered ques-
tionnaire and monitoring of passive vapor-
phase nicotine exposure among workers 
throughout the United States. The objectives 
of this study were to identify the factors influ-
encing workplace exposure to SHS and to 
validate self-reported SHS exposure using 
personal vapor-phase nicotine levels.
Materials and Methods
Study subjects. We visited 25 trucking termi-
nals (work locations) throughout the United 
States between 2003 and 2005. The terminals 
were randomly selected to represent the ter-
minals with at least 100 employees from three 
large unionized trucking companies. We 
invited workers to participate in personal sam-
pling and to complete a health questionnaire, 
which included questions on SHS exposure. 
The detailed job categories in the industry and 
their usual job duties are described elsewhere 
(Smith et al. 2006). In brief, the job titles are 
categorized mainly as long-haul driver (driving 
between cities), pickup/delivery (P&D) driver 
(local driving within cities), dock worker (mov-
ing freight within the terminal), combination 
worker (workers who both work on the dock 
and drive P&D trucks), mechanic (repairing 
tractors and trailers), hostler (moving trucks in 
the terminal yard), and clerk (office worker). 
This study was part of an overall assessment 
of occupational particulate exposures in the 
trucking industry (Smith et al. 2006). The 
main study began in 2002, and assessment 
of SHS exposure for these volunteers began 
1 year later. These participants were asked to 
wear a passive personal nicotine sampler for 
two consecutive work shifts on 2 consecutive 
days and to complete a questionnaire at the 
end of personal monitoring. The protocol was 
approved by the human subjects committees 
at the Brigham and Women’s Hospital, the 
Harvard School of Public Health, and the 
Veterans Affairs Boston Healthcare System, 
and each participant provided informed con-
sent before participating.
Personal nicotine monitoring. Because of 
the predominance of nicotine in the vapor 
phase of SHS (> 90%) and because cigarette 
smoke is the only likely source of nicotine in the 
work environment (Hammond and Leaderer 
1987), we used a passive monitor to obtain a 
quantitative measurement of vapor-phase nico-
tine in the breathing zone. The detailed sam-
pler design, sampling methods, and validation 
have been described previously (Hammond 
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bacKgrOunD: Although the smoking rate in the United States is declining because of an increase of 
smoke-free laws, among blue-collar workers it remains higher than that among many other occupa-
tional groups.
Objectives: We evaluated the factors influencing workplace secondhand smoke (SHS) exposures in 
the U.S. unionized trucking industry.
MethODs: From 2003 through 2005, we measured workplace SHS exposure among 203 nonsmok-
ing and 61 smoking workers in 25 trucking terminals. Workers in several job groups wore personal 
vapor-phase nicotine samplers on their lapels for two consecutive work shifts and completed a work-
place SHS exposure questionnaire at the end of the personal sampling.
results: Median nicotine level was 0.87 µg/m3 for nonsmokers and 5.96 µg/m3 for smokers. As 
expected, smokers experienced higher SHS exposure duration and intensity than did nonsmokers. 
For nonsmokers, multiple regression analyses indicated that self-reported exposure duration com-
bined with intensity, lack of a smoking policy as reported by workers, having a nondriver job, and 
lower educational level were independently associated with elevated personal nicotine levels (model 
R2 = 0.52). Nondriver job and amount of active smoking were associated with elevated personal 
nicotine level in smokers, but self-reported exposure, lack of a smoking policy, and lower educa-
tional level were not.
cOnclusiOns: Despite movements toward smoke-free laws, this population of blue-collar workers 
was still exposed to workplace SHS as recently as 2005. The perceived (reported by the workers), 
rather than the official (reported by the terminal managers), smoking policy was associated with 
measured SHS exposure levels among the nonsmokers. Job duties and educational level might also 
be important predictors of workplace SHS exposure.
Key wOrDs: personal sampling, secondhand smoke, self-reported exposure, smoking policy, truck-
ing industry, vapor-phase nicotine, workplace exposure. Environ Health Perspect 118:216–221 
(2010). doi:10.1289/ehp.0900892 available via http://dx.doi.org/  [Online 5 October 2009]
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and Leaderer 1987; Hammond et al. 1987). 
The monitor is constructed from a modified 
37-mm-diameter polystyrene air sampling cas-
sette, with a clip attached to the bottom so that 
the badge can be easily attached on the worker’s 
clothes. The filter within was treated by saturat-
ing it with an aqueous solution of 4% sodium 
bisulfate and 5% ethanol and allowing it to 
dry before placing it in the cassette. During the 
work shift the cover is removed from the cas-
sette to expose the treated filter. At the end of 
each work shift, the badges were checked for 
damage and the cover replaced and sealed to 
prevent further exposure to SHS. None of the 
sampling badges were damaged.
The badges were analyzed by desorption 
of the nicotine and quantification by gas chro-
matography with nitrogen-selective detection. 
The limit of detection (LOD) of the passive 
monitor was < 0.01 µg, and the coefficient 
of variability for replicate analysis was 0.11 
(Hammond and Leaderer 1987). In our study, 
95.5% of the samples were above the LOD. 
We then calculated personal nicotine concen-
tration by dividing the amount of nicotine by 
the volume of air estimated to passively diffuse 
through the sampler [monitoring duration 
multiplied by the effective sampling rate of the 
nicotine badge of 2.4 × 10–5 m3/min at 23°C 
(Hammond and Leaderer 1987)].
SHS exposure questionnaire and smoking 
policy. For each participant, we collected self-
reported information on demographic character-
istics (age, sex, race, educational level, residence), 
work history (job title, work shift, employment 
history), history of smoking, and SHS exposure 
(at work, at home, in social situations, exposure 
history). The questionnaire focused on exposure 
in the 2 days before questionnaire completion 
(consistent with the personal sampling days), 
including the duration (time spent in areas at 
work where smoking is allowed) and the inten-
sity (number of people smoking in those areas) 
of SHS exposure. We also asked the workers 
about exposure-related symptoms, as well as 
the smoking policy at the workplace (workers’ 
“perceived” smoking policy) and policy enforce-
ment. If smoking was allowed in a specific area, 
the questionnaire further ascertained the loca-
tion and size of the restricted area. In addition, 
we also collected information on the smoking 
policy from the terminal managers (considered 
as the “official” smoking policy). The smoking 
policy was categorized as “no policy/no restric-
tions (smoking allowed anywhere),” “indoor 
restricted area policy (smoking allowed in cer-
tain designated indoor areas),” and “outdoor 
only policy (smoking allowed only at outdoor 
areas).” Information regarding state- or county-
level workplace smoking policy and the effec-
tive dates were obtained from the U.S. Tobacco 
Control Laws Database by the American 
Nonsmokers’ Rights Foundation (2009). We 
first identified the governmental workplace 
smoking policy at the county level, and for 
those terminals located in counties without a 
workplace smoking policy, we used the data at 
the state level.
Statistical analysis. We calculated the 
arithmetic mean, SD, geometric mean (GM), 
geometric SD (GSD), median, 25th/75th per-
centiles, and range for the personal nicotine 
concentration, minutes spent in a smoking 
area, and numbers of smokers in the smoking 
area. Because drivers spend a large amount of 
time away from the terminals, job title was 
categorized into “driver” (P&D and long-haul 
drivers) and “nondriver” (all other job titles). 
We used the Wilcoxon rank-sum test for non-
normally distributed continuous variables to 
assess the significance of differences observed 
between nonsmokers and smokers. The raw 
nicotine concentrations for each category of the 
questionnaire variables were stratified by smok-
ing status. Then the regression residual method 
(Willett and Stampfer 1986) was used to adjust 
for clustering of levels within trucking termi-
nals; these terminal-adjusted residuals were 
then compared by the Wilcoxon rank-sum test 
or the Kruskal–Wallis test, as appropriate.
To identify the factors influencing personal 
nicotine concentration, we first used univariate 
regression analyses to obtain the crude param-
eter estimator of nicotine concentration for 
each potential predictor. Because the residuals 
of these multiple regression models were right 
skewed, we used the robust variance for statisti-
cal inference (Huber 1967; White 1980). We 
considered variables that were either logically 
meaningful, potential confounders or statistically 
significant in univariate analyses. We accounted 
for the correlations of observations within a 
trucking terminal and during a sampling trip by 
including indicator variables for each terminal. 
Indicator variables were also used to account for 
missing information on covariates. We defined 
influential observations as those with a critical 
value of the Cook’s D statistic greater than 4/n, 
where n is the number of observations (Cook 
and Weisberg 1982). Finally, we conducted sen-
sitivity analyses to compare the results of the 
models with and without the influential obser-
vations, and to compare the models including 
all the participants and including only those 
participants with complete information on all 
predictors. We also performed the regression 
analyses on the log-transformed scale of nicotine 
levels. In addition, an analysis including both 
fixed and random effects of terminal was con-
ducted. All analyses were performed separately 
for smokers and nonsmokers, using the SAS 
statistical package (version 9.1.3; SAS Institute 
Inc., Cary, NC).
Results
Comparisons between smokers and non-
smokers. A total of 264 workers participated 
in the study, 203 (76.9%) nonsmokers and 
61 (23.1%) smokers. Table 1 presents partici-
pant characteristics by smoking status. In our 
study population, the demographic and health-
related characteristics were similar for smokers 
Table 1. Baseline demographic, work-related, and health-related characteristics of participants by smok-
ing status.
Variable Nonsmokers (n = 203) Smokers (n = 61)
Age (mean ± SD) 45.6 ± 8.9 45.9 ± 10.0
Years at school (mean ± SD) 12.9 ± 1.5 12.7 ± 1.1
Male [no. (%)] 189 (93.1) 60 (98.4)
White [no. (%)] 127 (62.6) 39 (63.9)
Driver [no. (%)]a 93 (45.8) 20 (32.8)
Work shift [no. (%)]
Day 66 (32.5) 17 (27.9)
Evening 29 (14.3) 10 (16.4)
Night 27 (13.3) 10 (16.4)
Other/rotating 17 (8.4) 3 (4.9)
Official smoking policy [no. (%)]
No policy/no restrictions 17 (8.4) 7 (11.5)
Certain indoor area 53 (26.1) 16 (26.2)
Outdoor only 133 (65.5) 38 (62.3)
Perception of workplace smoking policy [no. (%)]
No policy/no restrictions 3 (1.5) 2 (3.3)
Certain indoor area 92 (45.3) 29 (47.5)
Outdoor only 90 (44.3) 25 (41.0)
State or county workplace smoking ban at sampling year [no. (%)]b
No 173 (85.2) 51 (83.6)
Yes 30 (14.8) 10 (16.4)
Bothered by tobacco smoke at work in the past 7 days [no. (%)] 78 (38.4) 1 (1.6)
Experience irritation after exposure to tobacco smoke [no. (%)]
Any irritation 49 (24.1) 6 (9.8)
Eye irritation 35 (17.2) 5 (8.2)
Nose irritation 32 (15.8) 4 (6.6)
Throat irritation 31 (15.3) 5 (8.2)
aIncluding long-haul drivers and P&D drivers. bState/county where the workers’ trucking terminals located; sampling 
years: 2003–2005.
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and nonsmokers, except that nonsmokers 
were more likely to report being bothered by 
tobacco smoke and to report irritation of the 
eye, nose, or throat after exposure to cigarette 
smoke in the previous 7 days.
The median (25th to 75th percentile) 
nico tine level was 0.87 (0.38–2.26) µg/m3 for 
nonsmokers and 5.96 (2.49–14.31) µg/m3 for 
smokers. The mean ± SD and GM (GSD) nico-
tine concentration for nonsmokers were 2.35 ± 
5.41 µg/m3 and 0.97 µg/m3 (3.63), respectively, 
and for smokers were 13.63 ± 20.26 µg/m3 and 
6.34 µg/m3 (3.82), respectively. As expected, 
concentrations were significantly higher for 
smokers than for nonsmokers (p < 0.0001 for 
all workers), regardless of the perceived smoking 
policies (p < 0.0001 for both “indoor restricted 
area policy” and “outdoor only policy” groups) 
and driver/nondriver status (p < 0.0001 for both 
nondrivers and drivers). The nicotine level dif-
ference between smokers and nonsmokers was 
not statistically significant for workers report-
ing “no policy” (p = 0.15), probably because 
of small numbers of people in this category. 
Self-reported SHS, including exposure dura-
tion (p = 0.02) and intensity (p = 0.01), was 
also statistically significantly different between 
nonsmokers and smokers. However, when we 
stratified the data by driver/nondriver status, 
both the self-reported exposure duration and 
intensity were significantly greater for smokers 
than for nonsmokers only among nondrivers 
(p = 0.02 and p = 0.03, respectively), whereas 
these variables were not statistically different 
among the drivers (p = 0.83 and p = 0.30, 
respectively).
Personal nicotine levels by participant 
characteristics. Table 2 summarizes nicotine 
concentrations among nonsmokers and current 
Table 2. Nicotine concentration (μg/m3) by demographic, work-related, and health-related variables among U.S. trucking industry workers, 2003–2005. 
Nonsmokers Smokers
Characteristic n Median (IQR) Range
Adjusted 
p-valuea n Median (IQR) Range
Adjusted 
p-valuea
Overall 203 0.87 (0.38–2.26) 0–56.9 61 5.96 (2.49–14.31) 0–101.7
Race
White 127 1.07 (0.39–2.72) 0–37.0 0.78 39 5.70 (2.85–13.8) 0–101.7 0.37
Nonwhite 30 0.87 (0.42–2.24) 0.07–56.9 9 1.85 (1.00–8.02) 0.3–51.2
Education (years)
> 12 72 0.76 (0.34–2.33) 0–56.9 0.33 20 3.77 (1.22–15.7) 0–101.7 0.97
≤ 12 115 0.90 (0.42–2.17) 0–37.0 36 5.83 (3.38–12.8) 0–86.5
Job titleb
Nondriver 110 0.86 (0.43–2.29) 0–37.0 0.07 41 7.56 (1.85–14.5) 0–101.7 0.34
Driver 93 0.87 (0.34–2.12) 0–56.9 20 4.61 (3.38–12.3) 1.44–51.2
Work shift
Day 66 1.03 (0.39–2.79) 0–37.0 0.06 17 4.56 (1.99–10.8) 0–21.6 0.22
Evening 29 1.00 (0.38–1.80) 0.15–56.9 10 9.93 (0.68–39.9) 0.3–101.7
Night 27 1.04 (0.48–3.12) 0–10.9 10 5.13 (3.36–7.21) 0–16.9
Rotating/other 17 0.73 (0.32–2.24) 0.15–6.57 3 2.47 (1.00–68.4) 1–68.4
Official smoking policy
No policy/no restrictions 17 1.00 (0.62–2.58) 0.31–6.59 0.81 7 8.83 (1.00–45.0) 0.55–51.2 0.88
Certain indoor area 53 0.80 (0.43–1.48) 0–56.9 16 8.22 (2.70–18.5) 0–86.5
Outdoor only 133 0.90 (0.35–2.38) 0–37.0 38 5.13 (2.85–13.8) 0.3–101.7
Perception of workplace smoking policy
No policy/no restrictions 3 3.50 (2.56–5.64) 2.56–5.64 0.04c 2 20.3 (20.1–20.4) 20.1–20.4 0.11c
Certain indoor aread 92 0.79 (0.36–1.75) 0.01–56.9 29 4.46 (1.98–8.69) 0–86.5
< 4 pallets 28 0.72 (0.40–1.97) 0.06–56.9 4 4.68 (2.69–6.86) 1.98–7.75
4–10 pallets 27 0.77 (0.35–1.80) 0.25–12.1 11 4.46 (0.68–16.9) 0–68.4
> 10 pallets 37 0.79 (0.32–1.48) 0.01–37.0 14 4.39 (2.49–8.83) 0–86.5
Outdoor only 90 1.09 (0.43–2.79) 0–15.3 25 9.34 (2.47–14.3) 0.36–51.2
State or county workplace smoking ban
No workplace ban 173 0.90 (0.39–2.28) 0–56.9 0.36 51 7.75 (2.47–14.5) 0–101.7 0.75
Workplace ban 30 0.71 (0.28–1.97) 0.11–9.46 10 4.34 (2.49–5.70) 0.3–86.5
Time spent/average no. people smoking  
in the restricted area in the previous 2 days
≤ 30 min/≤ 3 people 147 0.81 (0.37–2.56) 0–56.9 0.09 36 4.52 (2.23–12.3) 0–101.7 0.60
≤ 30 min/> 3 people 25 0.80 (0.34–1.48) 0.02–12.1 8 8.68 (2.69–15.2) 0.55–21.6
> 30 min/≤ 3 people 11 1.00 (0.32–2.38) 0.11–6.91 5 7.75 (1.78–16.9) 1.44–45.0
> 30 min/> 3 people 19 1.13 (0.47–3.42) 0.01–37.0 12 9.78 (4.46–17.2) 0.62–43.3
Cigarettes smoked in the previous 2 days
≤ 20 — — — — 29 2.95 (1.00–7.21) 0–31.3 0.002
> 20 — — — 31 11.7 (4.56–21.6) 1–101.7
Bothered by tobacco smoke at work in the previous 7 days
Never 51 0.74 (0.37–2.56) 0–15.3 0.79 34 4.52 (2.47–9.34) 0–86.5 0.35
Ever 78 1.07 (0.47–2.38) 0–37.0 1 21.6 (NA) —
Eye irritation
No 109 0.87 (0.38–2.14) 0.01–15.3 0.08 40 7.48 (2.23–14.0) 0–101.7 0.30
Yes 35 1.22 (0.50–3.30) 0–12.1 5 5.60 (3.56–7.56) 1.85–43.3
Nose irritation
No 114 0.89 (0.38–2.14) 0.01–15.3 0.21 39 7.75 (2.47–14.3) 0–101.7 0.52
Yes 32 0.95 (0.49–3.54) 0–37.0 4 4.58 (2.77–24.4) 1.98–43.3
Throat irritation
No 113 0.90 (0.38–2.05) 0.01–15.3 0.26 40 7.48 (2.23–14.1) 0–101.7 0.30
Yes 31 0.81 (0.50–3.00) 0–12.1 5 5.60 (3.56–7.56) 1.85–43.3
Abbreviations: IQR, interquartile range; NA, not applicable.
aWilcoxon rank-sum test (dichotomous variables) or Kruskal–Wallis test (variables with more than two categories), adjusted for trucking terminal. bJob duty that the workers actually 
did during the sampling days. cp-Value of Kruskal–Wallis test comparing “no policy,” “certain indoor area,” and “outdoor only.” dOne pallet = 4 ft × 4 ft = 16 ft2.
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smokers. As expected, for both nonsmokers 
and smokers, nicotine concentrations were 
higher for workers who spent more time in 
smoking areas with more people smoking in 
those areas in the previous 2 days (correspond-
ing to the sampling period). Additionally, 
nicotine levels were higher for workers work-
ing at the terminals without a smoking policy, 
determined either by workers’ self-reports or 
the official smoking policies, as well as the state 
or county law, than for those who worked at 
the terminals with some smoking restrictions 
in place. Although only three nonsmokers and 
two smokers reported “no policy/no restric-
tions,” these workers had much higher nico-
tine concentrations than did other participants. 
Nonparametric tests after adjusting for truck-
ing terminal also suggested that job title and 
work shift are associated with measured nico-
tine levels in nonsmokers.
Table 3 presents the crude and adjusted 
regression models of personal nicotine levels 
among the nonsmokers. We removed the five 
influential people identified by Cook’s D in all 
of these analyses (nicotine concentrations: 0.60, 
15.32, 24.49, 36.96, and 56.89 µg/m3). These 
workers were from four different trucking ter-
minals, and two of them were drivers; we found 
no obvious patterns in perceived smoking pol-
icy, work shift, or age among these workers. 
The results from the multivariable- adjusted 
model (R2 = 0.52) indicated that spending at 
least 30 min in an area where smoking was 
allowed with three or more smokers present, 
“no policy” as reported by the worker, non-
driver status, night shift, and lower educational 
level were statistically significantly associated 
with elevated nicotine levels. However, the 
presence of an official smoking policy or a 
state/county workplace smoking ban was not 
a significant predictor. In sensitivity analyses 
restricted to people with complete information 
on all important potential predictors (n = 136), 
the results did not materially change. Similarly, 
the conclusions from the model including the 
influential points (n = 203) were not different 
with the exception that job title and work shift 
became nonsignificant and the R2 decreased to 
0.20. Results were materially unchanged when 
we log-transformed the nicotine levels or when 
we included both fixed and random effects of 
terminal in the models (data not shown).
For smokers, nicotine concentrations were 
statistically significantly predicted by job title 
(7.97 µg/m3, p = 0.05, nondriver vs. driver), 
work shift (40.6 µg/m3, p < 0.0001, evening 
shift vs. others), and the number of cigarettes 
smoked in the previous 2 days (17.9 µg/m3, 
p < 0.0001, > 20 cigarettes vs. ≤ 20 cigarettes), 
after adjusting for trucking terminal and age 
(R2 = 0.72). However, self-reported exposure 
duration and intensity, lower educational level, 
and lack of a perceived, official, or state/county 
smoking policy were not associated with ele-
vated measured personal nicotine levels.
Relationships between self-reported and 
official smoking policies. Twenty-one of the 
25 terminals were located in states or coun-
ties where a workplace smoking ban had not 
been enacted at the time of our sampling visit. 
However, 19 of these terminals already had an 
“official” smoking restriction policy (5 with 
“indoor restricted area policy” and 14 with 
“outdoor only policy”), as reported by their 
managers. The four terminals located in the 
states or counties where workplace smoking 
bans were in effect had an official smoking 
policy (one with “indoor restricted area policy” 
and three with “outdoor only policy”).
Although most of the terminals (23 of 25) 
had an “official” policy, the smoking policy 
reported by the workers (“perceived”) and 
the smoking policy provided by the manag-
ers (“official”) agreed only half the time (49% 
for nonsmokers, 52% for smokers). Eighteen 
nonsmokers and five smokers reported that 
they did not know the smoking policy at their 
workplace. Among those who reported that 
they knew the smoking policy, five workers 
(from four terminals: three nonsmokers and 
two smokers) reported “no policy,” whereas 20 
workers worked at terminals without an “offi-
cial” policy. Among those five workers report-
ing “no policy,” only one was actually working 
at a terminal without any official smoking 
policy. Two of the three nonsmokers who 
reported “no policy” and 63% of those who 
reported “indoor restricted area policy” were 
working at terminals with an official “outdoor 
only policy,” and 24% of the nonsmokers who 
perceived “outdoor only policy” were in fact 
working at terminals where the official policy 
was “indoor restricted area policy.” Both of the 
smokers who perceived “no policy” were work-
ing at the terminals where the official policy 
was “indoor restricted area policy,” and 55% of 
the smokers who thought that their workplace 
had an “indoor restricted area policy” were 
actually working at terminals where the official 
policy was “outdoor only.” Among the non-
smokers, 23% reported that the smoking policy 
they reported has “always/often” been enforced 
at the workplace, 27% “sometimes/rarely,” 
and 17% “never”; 34% stated that they did 
not know about the enforcement. Among the 
smokers, 10% reported “always/often” smok-
ing enforcement, 21% “sometimes/rarely,” 
16% “never,” and 52% “don’t know.”
Discussion
We used a self-administered questionnaire to 
explore predictors of workplace SHS exposure, 
as measured by personal exposure to vapor-
phase nicotine, for a population of trucking 
industry workers. For nonsmokers, the self-
reported duration of time spent in smoking-
allowed areas, combined with the average 
number of people smoking in those areas, was 
a positive predictor of measured nicotine con-
centrations, suggesting that the self-reports of 
SHS exposure among the nonsmokers in this 
population is relatively reliable. In addition, 
the absence of a workplace smoking policy (as 
reported by the workers) was significantly asso-
ciated with elevated personal nicotine levels 
among the nonsmokers. However, these fac-
tors were not statistically significant predictors 
of personal nicotine levels among the smokers. 
Not surprisingly, both smoking and nonsmok-
ing drivers had statistically significantly lower 
(but detectable) levels of nicotine compared 
with nondrivers, after controlling for active 
smoking, because drivers in general spend less 
time with other workers than nondrivers do. 
Table 3. Regression coefficients of questionnaire-based measures associated with nicotine concentration (μg/m3) for nonsmoking trucking industry workers.a
Univariate (crude)b Age- and terminal-adjustedc Multivariable-adjustedd
Variable Slope (SE) p-Value Slope (SE) p-Value Slope (SE) p-Value
Time spent/number of people smoking in smoking area,e 
> 30 min/> 3 people vs. others
0.26 (0.59) 0.67 1.05 (0.55) 0.06 1.31 (0.55) 0.02
Perception of workplace smoking policy
Smoking allowed at certain indoor area Reference — Reference — Reference —
Smoking allowed outdoors only 0.57 (0.34) 0.10 0.21 (0.28) 0.45 0.35 (0.27) 0.19
No policy/no restrictions 2.43 (0.78) 0.002 2.59 (0.99) 0.01 2.89 (0.93) 0.002
Job title, nondrivers vs. driversf 0.34 (0.32) 0.28 0.58 (0.26) 0.02 0.70 (0.27) 0.01
Work shift, night shift vs. others 0.37 (0.54) 0.50 0.79 (0.44) 0.07 0.71 (0.38) 0.06
Education, years at school –0.11 (0.09) 0.23 –0.12 (0.09) 0.16 –0.18 (0.09) 0.04
aLinear regression analyses using robust variances; n = 198 after removing influential outliers. bUnivariate analyses (crude results). cAdjusted for trucking terminal and age (quartile). 
dAdjusted for trucking terminal, age (quartile), and all the variables listed in the table; model intercept (SE) = 1.88 (1.35), R2 = 0.52. eTime (minutes) spent in smoking allowed areas in the 
past two days (personal badge sampling days)/average numbers of people smoking in the smoking allowed areas that the subject entered in the past two days (personal badge sam-
pling days). fJob duty that the workers actually did during the sampling days.
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Note that although drivers spend most of their 
work day alone in their truck cabs, nonsmoking 
drivers still have an opportunity to be exposed 
to SHS at the trucking terminals, at delivery 
docks, and on breaks. The “official” smoking 
policy, as reported by the terminal managers, 
and the existence of a state or county smoking 
ban were not associated with nicotine levels for 
either nonsmokers or smokers. The “perceived” 
smoking policy reported by the workers and 
the official policy agreed only about half of 
the time, implying either that enforcement 
and compliance of the smoking policy in these 
workplaces were poor or that in fact the official 
policy was not well correlated with actual expo-
sure. It is interesting to note that, among the 
workers who worked at the terminals without 
any official smoking policy (n = 20), most of 
them (95%) perceived that their workplace has 
some restrictions on cigarette smoking.
Although smokers are certainly exposed to 
SHS from their own cigarettes and the other 
smokers around them, it is difficult to tease 
out predictors of these exposures because of 
the strong effects of active smoking. In a study 
of SHS in the home, Leaderer and Hammond 
(1991) found a linear relationship between 
self-reported number of cigarettes smoked and 
area levels of vapor-phase nicotine. In our data, 
the amount of self-reported active smoking 
explained a large proportion of the variation 
in nicotine concentrations (R2 = 0.44 in the 
model including only the number of cigarettes 
smoked in the previous 2 days, age, and truck-
ing terminal) and may have masked the smaller 
effects of workplace smoking policy or time 
spent with other smokers.
We did not find a statistically significant 
difference in nicotine concentration between 
the nonsmokers who reported an “indoor 
restricted area policy” and those who reported 
an “outdoor only policy” (Table 3), possibly 
because of the low power due to small sample 
size. In addition, this might be due to errors in 
the reporting of policy or the possibility of dif-
ferences in behavior of smokers dependent on 
the policy that would affect the actual expo-
sure levels. Another explanation is that indoor 
air might be contaminated by smoking right 
at doorways.
Blue-collar workers and service workers are 
more likely to be exposed to workplace SHS 
than are other worker groups (CDC 2006; 
U.S. Environmental Protection Agency 1992), 
likely due to higher smoking prevalence in these 
groups and the lower prevalence of smoke-
free workplace policies. In the nationwide 
Current Population Survey (CPS) conducted in 
1992–1993, > 70% of blue-collar workers and 
> 60% of service workers worked in workplaces 
that had no smoking restriction policy, a sig-
nificantly higher percentage than among work-
ers in other industries (Gerlach et al. 1997). 
In a study examining trends in smoke-free 
workplace policies from 1992 through 2002 in 
North Carolina, Plescia et al. (2005) found that 
blue-collar and service workers, especially males, 
were less likely to work in a smoke-free work-
site than were white-collar workers throughout 
this 11-year study period. However, the over-
all coverage of workplace smoke-free policies 
increased from 46% to 71% nationwide, and 
the increasing trend was observed in all work 
groups (Plescia et al. 2005). Our study, con-
ducted more recently (2003–2005), found that 
most of unionized trucking company workers 
are currently working in worksites with some 
kind of onsite smoking policy.
In our study, only 23% of nonsmokers and 
10% of smokers reported that the policies were 
always enforced. These numbers suggest a rela-
tively weak policy enforcement in this work set-
ting. In the Plescia et al. (2005) study only 3% 
of workers reported that someone had violated 
the company policy in 2001–2002; however, 
when stratified by work groups, service and blue-
collar workers reported slightly higher prevalence 
of noncompliance than did white-collar work-
ers. In a CPS study conducted between 1999 
and 2002, only 7% of nonsmokers reported 
that they experienced workplace SHS exposure 
(Pickett et al. 2006). It is interesting to note, 
however, that most of the trucking terminals in 
our study were located in the states or counties 
where a smoking ban was not enacted by law 
at the time we conducted the study. However, 
recently the number of states with smoking 
ban regulations increased remarkably. During 
2003–2005, only about 15% of the workers in 
this study worked at the terminals located in 
the states or counties with smoking ban regula-
tion (Table 1); but in 2008, about 66% of these 
workers (67% for nonsmokers and 64% for 
smokers) would have been covered by a state 
or county workplace smoking ban if they still 
worked at the same terminals.
Studies of serum cotinine are also consis-
tent with the observation that blue-collar work-
ers experience higher exposures to SHS than 
do white-collar workers. In the Third National 
Health and Nutrition Examination Survey 
(NHANES III) conducted from 1988 through 
2002, blue-collar workers had higher serum 
cotinine levels than did other adults (Arheart 
et al. 2008; Pirkle et al. 2006; Wortley et al. 
2002). The most recent study of NHANES III 
data suggested that although the serum coti-
nine levels for nonsmokers declined by 76% 
between 1988 and 2002 in all worker groups, 
blue-collar and service workers consistently had 
the highest levels of SHS exposure (Arheart 
et al. 2008), mainly because they work in areas 
with a higher prevalence of smokers.
Although numerous studies have focused on 
measuring levels of SHS exposure in the work-
place in the service sector (e.g., bars and restau-
rants) (Hyland et al. 2000; Kiser and Boschert 
2001; Repace et al. 2006; Weber et al. 2003), 
we identified only a few studies conducted in 
the 1980s that focused on quantifying levels 
in the transportation industry. In a study of 
workers in three railroads in 1982–1983, the 
median level of estimated vapor-phase nicotine 
(converted from particle-phase nicotine) among 
nonsmoking nonoffice workers was 0.10 µg/m3 
(Hammond 1999; Schenker et al. 1990), which 
was much lower than the median level observed 
in our study (median of 0.93 µg/m3 for 183 
nonsmoking nonoffice trucking workers). In 
1983–1984, one of the railroads was revisited 
and vapor-phase nicotine levels were measured. 
The median nicotine level of nonsmoking 
engineers was 0.40 µg/m3 (Hammond 1999). 
This level was lower than the median level of 
0.87 µg/m3 for nonsmoking truck drivers in our 
study, who worked at the similar condition as 
railroad engineers (small spaces, fewer other peo-
ple). However, the nonsmoking office workers 
in the railroad were exposed to a greater nicotine 
level (median, 5.70 µg/m3) in 1983–1984, com-
pared with the 20 office workers in our trucking 
population (median, 0.59 µg/m3).
In contrast to studies that used biomark-
ers, such as serum, urine, and salivary coti-
nine, to validate self-reported exposure to SHS 
(Emmons et al. 1994; George et al. 2006; 
Jenkins and Counts 1999; Kemmeren et al. 
1994; Nondahl et al. 2005; Seccareccia et al. 
2003), we measured vapor-phase nicotine con-
centrations in the breathing zone because of its 
ease of collection and because it avoided work-
place biological sample collection and storage. 
In addition, the purpose of this study was to 
assess the SHS exposure pattern in the trucking 
industry, so we wanted only a measure of work-
place exposure. Because biomarkers integrate 
exposures from all sources, they would not have 
been appropriate for this study. Moreover, the 
correlations between nicotine and commonly 
used biomarkers have been shown to be rela-
tively good (LaKind et al. 1999; Leaderer and 
Hammond 1991).
In addition to evaluating the impact of 
smoking policy on workplace SHS exposure, we 
also attempted to assess the relationship between 
self-reported SHS exposure and vapor-phase 
nicotine levels among the trucking industry 
workers. Eisner et al. (2001) conducted a study 
to validate a SHS exposure survey, using the 
same personal badge sampling device as used 
in our study, among 50 nonsmoking asthmatic 
adults. They found a moderate correlation (r = 
0.47) between self-reported SHS exposure dura-
tion and air nicotine concentration (median, 
0.03 µg/m3) in the previous 7 days. A study 
conducted by O’Connor et al. (1995) among 
415 nonsmoking pregnant women also demon-
strated a similar correlation (r = 0.41) between 
SHS exposure duration and nicotine concen-
tration (median, 0.1 µg/m3). These studies did 
not find a large impact of exposure intensity on 
the correlation between exposure duration and 
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self-reported SHS exposure. In another study, 
Coghlin et al. (1989) found a strong correla-
tion between an SHS exposure score (duration 
in hours × number of smokers × proximity of 
smokers) with log-transformed nicotine (r = 
0.91) in 19 nonsmoking volunteers (nicotine 
level median, 2.0 µg/m3). In our study (median, 
0.87 µg/m3 for nonsmokers), we found that the 
exposure duration combined with number of 
smokers were significant predictors of nicotine 
level after adjustment of confounders. It is pos-
sible that the intensity of exposure, as measured 
by number of smokers, might become more 
important when the nicotine level is higher.
In our multiple regression models, we 
found that work shift may also influence SHS 
exposure. Finally, we also found a statistically 
significant relationship between educational 
level and nicotine concentration in the mul-
tiple regression model for nonsmokers. Previous 
studies have suggested that higher prevalence 
of active smoking is related to lower educa-
tional level in the United States (Kanjilal et al. 
2006) and many other countries (Gupta and 
Ray 2007), but limited studies focused on the 
association between educational level and SHS 
exposure. Kanjilal et al. (2006) reported that 
the smoking prevalence of the adults with lower 
educational level was significantly greater than 
the prevalence of those with higher educational 
level in the U.S. general population across 
1971–2002. In our study, we did not find a sig-
nificant association between active smoking and 
educational level among the smokers, possibly 
because of the relatively consistent social status 
in this blue-collar work group. However, we did 
find an association between lower educational 
level and workplace SHS exposure measured 
by personal sampling among the nonsmokers 
(Table 3). This implies that even within a blue-
collar and relatively homogeneous population, 
educational status may still influence a non-
smoker’s  exposure to SHS.
In summary, despite state and local move-
ments toward smoke-free laws, this group of 
blue-collar workers was still exposed to work-
place SHS as recently as 2005. Our findings sug-
gest that most workplaces in this segment of the 
U.S. trucking industry have an official smoking 
policy. However, the workers’ perceived, rather 
than the official or state, policy was associated 
with measured SHS exposure levels among the 
nonsmokers. The self-reported duration and 
intensity of SHS exposure are relatively reliable 
among the nonsmokers in this work setting. In 
addition, factors such as job duties, work shift, 
and educational level might also be important 
predictors of workplace SHS exposure.
RefeRences
American Nonsmokers’ Rights Foundation. 2009. U.S. Tobacco 
Control Laws Database. Available: http://www.no-smoke.
org/goingsmokefree.php?id=519 [accessed 8 January 2009].
Arheart KL, Lee DJ, Dietz NA, Wilkinson JD, Clark JD III, 
LeBlanc WG, et al. 2008. Declining trends in serum coti-
nine levels in US worker groups: the power of policy. 
J Occup Environ Med 50(1):57–63.
Bang KM, Kim JH. 2001. Prevalence of cigarette smoking by 
occupation and industry in the United States. Am J Ind 
Med 40(3):233–239.
Barnoya J, Glantz SA. 2005. Cardiovascular effects of second-
hand smoke: nearly as large as smoking. Circulation 
111(20):2684–2698.
Blanc PD, Ellbjar S, Janson C, Norback D, Norrman E, 
Plaschke P, et al. 1999. Asthma-related work disability in 
Sweden. The impact of workplace exposures. Am J Respir 
Crit Care Med 160(6):2028–2033.
CDC (Centers for Disease Control and Prevention). 2005. 
Cigarette smoking among adults—United States, 2004. 
MMWR Morb Mortal Wkly Rep 54(44):1121–1124.
CDC. 2006. The Health Consequences of Involuntary Exposure 
to Tobacco Smoke: A Report of the Surgeon General. 
Atlanta, GA:Centers for Disease Control and Prevention. 
Coghlin J, Hammond SK, Gann PH. 1989. Development of epi-
demiologic tools for measuring environmental tobacco-
smoke exposure. Am J Epidemiol 130(4):696–704.
Cook RD, Weisberg S. 1982. Residuals and Their Influence in 
Regression. London:Chapman & Hall.
Eisner MD, Katz PP, Yelin EH, Hammond SK, Blanc PD. 2001. 
Measurement of environmental tobacco smoke expo-
sure among adults with asthma. Environ Health Perspect 
109:809–814.
Emmons KM, Abrams DB, Marshall R, Marcus BH, Kane M, 
Novotny TE, et al. 1994. An evaluation of the relationship 
between self-report and biochemical measures of environ-
mental tobacco smoke exposure. Prev Med 23(1):35–39. 
George L, Granath F, Johansson AL, Cnattingius S. 2006. Self-
reported nicotine exposure and plasma levels of cotinine 
in early and late pregnancy. Acta Obstet Gynecol Scand 
85(11):1331–1337.
Gerlach KK, Shopland DR, Hartman AM, Gibson JT, 
Pechacek TF. 1997. Workplace smoking policies in the 
United States: results from a national survey of more than 
100,000 workers. Tob Control 6(3):199–206.
Gupta PC, Ray CS. 2007. Tobacco, education and health. Indian 
J Med Res 126(4):289–299.
Hammond SK. 1999. Exposure of U.S. workers to environmen-
tal tobacco smoke. Environ Health Perspect 107(suppl 
2):329–340.
Hammond SK, Leaderer BP. 1987. A diffusion monitor to mea-
sure exposure to passive smoking. Environ Sci Technol 
21:494–497.
Hammond SK, Leaderer BP, Roche AC, Schenker M. 1987. 
Collection and analysis of nicotine as a marker for envi-
ronmental tobacco smoke. Atmos Environ 21:457–461.
Ho SY, Lam TH, Chung SF, Lam TP. 2007. Cross-sectional and 
prospective associations between passive smoking and 
respiratory symptoms at the workplace. Ann Epidemiol 
17(2):126–131.
Huber PJ. 1967. The behaviour of maximum likelihood estima-
tors under non-standard conditions. In: Proceedings of 
the Fifth Berkeley Symposium on Mathematical Statistics 
and Probability (LeCam LM, Neyman J , eds). Berkeley, 
CA:University of Calfornia Press, 221–233.
Hyland A, Vena C, Cummings KM, Lubin A. 2000. The effect of 
the clean air act of Erie County, New York on restaurant 
employment. J Public Health Manag Pract 6(6):76–85.
Jenkins RA, Counts RW. 1999. Personal exposure to envi-
ronmental tobacco smoke: salivary cotinine, airborne 
nicotine, and nonsmoker misclassification. J Expo Anal 
Environ Epidemiol 9(4):352–363.
Jindal SK, Gupta D, Singh A. 1994. Indexes of morbidity and 
control of asthmas in adult patients exposed to environ-
mental tobacco-smoke. Chest 106(3):746–749.
Kanjilal S, Gregg EW, Cheng YJ, Zhang P, Nelson DE, 
Mensah G, et al. 2006. Socioeconomic status and trends 
in disparities in 4 major risk factors for cardiovascular 
disease among US adults, 1971–2002. Arch Intern Med 
166(21):2348–2355.
Kemmeren JM, Vanpoppel G, Verhoef P, Jarvis MJ. 1994. 
Plasma cotinine: stability in smokers and validation of 
self-reported smoke exposure in nonsmokers. Environ Res 
66(2):235–243. 
Kiser D, Boschert T. 2001. Eliminating smoking in bars, res-
taurants, and gaming clubs in California: BREATH, the 
California smoke-free bar program. J Public Health Policy 
22(1):81–87.
LaKind JS, Jenkins RA, Naiman DQ, Ginevan ME, Graves CG, 
Tardiff RG. 1999. Use of environmental tobacco smoke con-
stituents as markers for exposure. Risk Anal 19(3):359–373.
Leaderer BP, Hammond SK. 1991. Evaluation of vapor-phase 
nicotine and respirable suspended particle mass as mark-
ers for environmental tobacco smoke. Environ Sci Technol 
25(4):770–777.
Lee DJ, Fleming LE, Arheart KL, LeBlanc WG, Caban AJ, Chung-
Bridges K, et al. 2007. Smoking rate trends in U.S. occupa-
tional groups: the 1987 to 2004 National Health Interview 
Survey. J Occup Environ Med 49(1):75–81.
National Cancer Institute. 1999. Health Effects of Exposure to 
Environmental Tobacco Smoke: The Report of the California 
Environmental Protection Agency. Smoking and Tobacco 
Control Monograph no. 10. Bethesda, MD:National Cancer 
Institute.
Nelson DE, Emont SL, Brackbill RM, Cameron LL, Peddicord J, 
Fiore MC. 1994. Cigarette smoking prevalence by occupa-
tion in the United States. A comparison between 1978 to 
1980 and 1987 to 1990. J Occup Med 36(5):516–525.
Nondahl DM, Cruickshanks KJ, Schubert CR. 2005. A question-
naire for assessing environmental tobacco smoke expo-
sure. Environ Res 97(1):76–82. 
O’Connor TZ, Holford TR, Leaderer BP, Hammond SK, Bracken 
MB. 1995. Measurement of exposure to environmental 
tobacco smoke in pregnant women. Am J Epidemiol 
142(12):1315–1321.
Panagiotakos DB, Chrysohoou C, Pitsavos C, Papaioannou I, 
Skoumas J, Stefanadis C, et al. 2002. The association 
between secondhand smoke and the risk of developing 
acute coronary syndromes, among non-smokers, under 
the presence of several cardiovascular risk factors: the 
CARDIO2000 case-control study. BMC Public Health 2:9; 
doi:10.1186/1471-2458-2-9 [Online 24 May 2002]. 
Pickett MS, Schober SE, Brody DJ, Curtin LR, Giovino GA. 2006. 
Smoke-free laws and secondhand smoke exposure in US 
non-smoking adults, 1999–2002. Tob Control 15(4):302–307.
Pirkle JL, Bernert JT, Caudill SP, Sosnoff CS, Pechacek TF. 
2006. Trends in the exposure of nonsmokers in the U.S. 
population to secondhand smoke: 1988–2002. Environ 
Health Perspect 114:853–858.
Plescia M, Malek SH, Shopland DR, Anderson CM, Burns DM. 
2005. Protecting workers from secondhand smoke in North 
Carolina. N C Med J 66(3):186–191.
Raupach T, Schafer K, Konstantinides S, Andreas S. 2006. 
Secondhand smoke as an acute threat for the cardio-
vascular system: a change in paradigm. Eur Heart J 
27(4):386–392.
Repace JL, Hyde JN, Brugge D. 2006. Air pollution in Boston 
bars before and after a smoking ban. BMC Public Health 
6:266; doi:10.1186/1471-2458-6-266 [Online 27 October 2006]. 
Schenker MB, Samuels SJ, Kado NY, Hammond SK, Smith TJ, 
Woskie SR. 1990. Markers of exposure to diesel exhaust in 
railroad workers. Res Rep Health Eff Inst 33:1–64.
Seccareccia F, Zuccaro P, Pacifici R, Meli P, Pannozzo F, 
Freeman KM, et al. 2003. Serum cotinine as a marker of 
environmental tobacco smoke exposure in epidemiologi-
cal studies: the experience of the MATISS project. Eur J 
Epidemiol 18(6):487–492.
Smith TJ, Davis ME, Reaser P, Natkin J, Hart JE, Laden F, et al. 
2006. Overview of particulate exposures in the US trucking 
industry. J Environ Monit 8(7):711–720.
U.S. Environmental Protection Agency. 1992. Respiratory 
Health Effects of Passive Smoking: Lung Cancer and 
Other Disorders. EPA/600/6-90/006F. Washington, DC:U.S. 
Environmental Protection Agency Office of Research and 
Development.
Weber MD, Bagwell DA, Fielding JE, Glantz SA. 2003. Long 
term compliance with California’s Smoke-Free Workplace 
Law among bars and restaurants in Los Angeles County. 
Tob Control 12(3):269–273.
White H. 1980. A heteroskedasticity-consistent covariance 
matrix estimator and a direct test for heteroskedasticity. 
Econometrica 48(4):817–838.
Willett W, Stampfer MJ. 1986. Total energy intake: implications 
for epidemiologic analyses. Am J Epidemiol 124(1):17–27.
Wingo PA, Ries LA, Giovino GA. 1999. Annual report to the 
nation on the status of cancer, 1973–1996, with a spe-
cial section on lung cancer and tobacco smoking. J Natl 
Cancer Inst 91:675–690.
Wortley PM, Caraballo RS, Pederson LL, Pechacek TF. 2002. 
Exposure to secondhand smoke in the workplace: serum 
cotinine by occupation. J Occup Environ Med 44(6):503–509.
